INTRODUCTION
Earlier research advanced the notion that ubiquitin-dependent proteasomal degradation is solely involved in protein turnover; however, newer evidence suggests that this idea should be modified. It has been well established that proteasome activity is required for transcriptional activation by nuclear receptors. This may be due to the degradation and subsequent recovery of transcription complex components. Similarly, subunits of proteasome may act as bridging factors in the transcription complex, and ubiquitin itself may play a role in transactivation. The involvement of a ubiquitin/proteasome system in the transcription complex enables the precise regulation of the transcriptional signal in order to provide an accurate transcript level. The androgen receptor (AR) is critical for the normal growth and differentiation of the prostate and other urogenital structures [1, 2] . Although the expression of AR is tightly regulated, it sometimes gets out of control, leading to tumourigenesis [3] . Prostate cancer is the most common form of cancer, and the second leading cause of cancer death among American males [4] . Given the central role of AR in prostate function, significant attention is being paid to the understanding of its function mechanisms and regulation. Precise knowledge on AR signalling would allow for the creation of therapy that targets and facilitates AR down-regulation in prostate cancer. This review summarizes the state of knowledge on the role of proteasome and the proteasome-related system in the function of AR, and discusses recent progress in prostate cancer therapies that are based on the molecular mechanisms of AR degradation.
THE MOLECULAR BIOLOGY OF AR
AR is a ligand-dependent transcription factor which belongs to the family of nuclear receptors [5] . The human AR gene is located at the Xq11-12 locus, and its expression is tightly regulated, being cell-and tissue-dependent [2] . It consists of eight exons which encode four distinct domains [2, 6] : the N-terminal domain, which comprises the transactivation domain; the DNA-binding domain (DBD) composed of two zinc finger motifs; the hinge region which contains the nuclear localisation signal (NLS); and the ligand-binding domain (LBD), responsible for high affinity androgen binding. After translation from its mRNA, the inactive cytoplasmic AR protein forms a complex with heat shock proteins that regulate receptor folding and confer ligand-binding capacity [7] . Following ligand binding, AR moves to the nucleus, where it binds to androgen responsive elements (ARE) in the promoter and/or enhancer of the target genes [8] . AR regulates the expression of almost 100 genes, including prostate specific antigen (PSA), probasin, kallikrein, keratinocyte growth factor (KGF), p21, the ornithine decarboxylase (ODC) gene in mouse kidney, and the AR gene itself. It should be noted that AR is able not only to up-regulate but also to down-regulate gene expression [9] , depending on the availability of coactivators and corepressors. As the mechanisms regulating AR expression have been reviewed elsewhere [2, 10] only a brief description will be presented here. AR expression is regulated at the transcriptional level by a variety of transcription factors [10] , posttranscriptionally by RNA binding proteins [11] , and post-translationally; the latter form of regulation includes phosphorylation, sumoylation and acetylation, depending on interaction with coregulatory proteins [12, 13] . The complex regulation of AR activity is also provided by proteasome and proteasome-related machinery. This includes the degradation of AR itself and of its coregulators, and the non-proteolytic role of the ubiquitin/26S proteasome machinery. It was shown that the treatment of HepG2 and LNCaP cells with proteasome inhibitor MG132 increased AR levels [14] . The inhibition of proteasome resulted in an increase in the number of polyubiquitylated AR forms, consistent with AR being a subject of proteasomal degradation [14] .
THE MECHANISM OF UBIQUITIN/PROTEASOME-MEDIATED PROTEIN DEGRADATION
Ubiquitylation is based on the attachment of ubiquitin to the lysine residues in a target protein, and involves the action in concert of three types of enzymes: E1, E2 and E3 [15] (see Fig. 1 ). The three enzymes act in a defined order to ubiquitylate the target protein, which becomes degraded in a proteasome. Ubiquitin attachment to the target protein occurs in a hierarchical, three-stage reaction: ubiquitin is first activated in an ATP-requiring reaction by the E1 activating enzyme (Uac), then activated ubiquitin is transferred onto the E2 conjugating enzyme (Ubc), and then the E3 ligase transfers ubiquitin from E2 onto the protein to be degraded [15] . The protein may either be tagged with one ubiquitin moiety, or with many by extending the length of the ubiquitin chain. As we will see later, mono-and poly-ubiquitylation processes are important events determining the fate of proteins. In vitro studies show that in order to be degraded, a given protein requires a minimum of four ubiquitin moieties [16] . In an ATP-dependent manner, ubiquitin is activated by the E1 activating enzyme and subsequently transferred from E1 onto the E2 conjugating enzyme and then from E2 onto the E3 ligase, which possesses either a HECT or RING finger domain. E3 attaches ubiquitin to the protein to be degraded in repeating steps, yielding a polyubiquitin chain that is recognised by the 19S proteasomal cap. 19S removes ubiquitin from the target protein and directs it into the 20S proteolytic core. Free ubiquitin is reutilised.
The E3 enzymes provide the specificity of substrate recognition. There are two families of E3 enzymes: Homologous to the E6-AP C-Terminus (HECT) domain E3s, and Really Interesting New Gene (RING)-finger domain E3s. Ligases belonging to both families were shown to interact with AR; a summary is given in Tab. 1. The process of ubiquitylation depends on the protein-protein interaction and involves an interplay of the E3 ligase with two elements, the E2 conjugating enzyme and the recognition signal in the target [15] . There are a few examples of recognition signals for ubiquitin E3 ligases, one of which is a phosphorylated PEST sequence [34] . The 26S proteasome is a large, multisubunit complex that is localised both in the cytoplasm and in the nucleus [35] . The 26S proteasome holoenzyme is composed of a 20S core and two 19S regulatory caps, also known as PA700 [35] . The 20S proteolytic core is composed of 4 rings: two inner rings consisting of β subunits which are surrounded by two outer rings consisting of α subunits. The 20S catalytic core is located between two 19S regulatory caps. 19S regulates the activity of the proteasome by substrate recognition and its unfolding, cleaving off the polyubiquitin chain and translocating the substrate into the 20S proteolytic chamber.
LIGAND-INDEPENDENT PROTEASOMAL DEGRADATION OF AR
The AR level may be controlled by two proteolytic pathways, the first of which relies on the 26S proteasome and occurs both in the absence (ligandindependent) or presence (ligand-dependent) of the hormone. The second engages PTEN and caspase 3 activity [36] (see Fig. 2 ). The latter does not rely on a proteasome, and therefore will not be discussed further. Ligand-independent AR degradation occurs in response to growth factors and cytokine stimulation. AR signalling has been shown to be inhibited by IL-6 [37] , basic fibroblast growth factor (bFGF) [38] , and insulin-like growth factor 1 (IGF-1) [23, 39] . Growth factors and cytokines activate the PI3K/Akt kinase pathway which promotes AR phosphorylation (see Fig. 2 ). The phosphorylation of AR at Ser210 and Ser790 by Akt kinase has been shown to suppress AR transactivation via the inhibition of AR-ARA70 interaction [39] . As ARA70 is an AR coactivator implicated in AR translocation to the nucleus [40] , inhibiting AR-ARA70 interaction may lead to AR arrest in the cytoplasm, where it is susceptible to 26S proteasome-mediated degradation. Indeed, phosphorylation of AR by Akt promotes AR ubiquitylation and degradation via the proteasome-dependent pathway [23] . This occurs through the enhancement of AR interaction with ubiquitin E3 ligase Mdm2. Interestingly, Akt kinase exerts differential effects on AR depending on the LNCaP cell passage number [41] . Low passage cells have a low basal Akt activity, whereas high passage cells have high Akt activity. In the case of a low passage number, the PI3K/Akt pathway inhibits AR activity, and this mechanism is dependent on proteasomemediated degradation. In the high passage, Akt actually enhances AR activity [41] . This differential regulation of AR by Akt may explain the conflicting data in the literature, as it was also reported that AR is positively regulated by Akt after activation by growth factors [42] . Glycogen synthase kinase 3β (GSK3β) is a proline-directed serine/threonine kinase that exerts its function in unstimulated cells, while growth factorstimulation decreases its activity. GSK3β acts downstream of and is inhibited by the PI3K/Akt pathway. GSK3β is able to phosphorylate AR at Ser650 within the PEST sequence that is localised in the hinge region, and is able to suppress AR transactivation [43] . However, as in the case of Akt, other authors reported that GSK3β is required for AR gene expression [44] . The phosphorylation of Ser650 is also upregulated by stress kinase signalling and reduces AR transcription by augmentation of AR export to the cytoplasm [45] . So far, it has not been established which AR amino acid sequence is a target for Mdm2-driven ubiquitylation. It is likely that this sequence is a KLKK motif that overlaps the PEST sequence and is modified by acetylation and deacetylation, respectively driven by p300/CBP and HDAC1 [46] . Similarly, p53 contains a KSKK motif, the lysine residues of which are targets for acetylation/deacetylation. It is significant that the deacetylation of p53 by HDAC1 is required for its Mdm2-mediated degradation [47] .
LIGAND-DEPENDENT PROTEASOMAL DEGRADATION OF AR
A model for ligand-dependent transcription by nuclear receptors presumes that the receptor undergoes rapid turnover in the presence of the ligand. This was established for glucocorticoid receptor GR, thyroid hormone receptor TR, retinoic acid receptor RAR, progesterone receptor PR, and estrogen receptor ER [48] [49] [50] [51] [52] . There is a general view that AR is an exception in the group of nuclear receptors, as it is not degraded after ligand binding. Conversely, AR is upregulated in the presence of the hormone. The full picture of the process is more complex. A recent report indicates that AR is ubiquitylated in response to androgen treatment [53] . Treatment of LNCaP cells with synthetic androgen R1881 resulted in the appearance of mono-and triubiquitylated AR species which remained stable for 2 hours after androgen treatment. Afterwards, there was a decline in AR stability, which was consistent with the accumulation of polyubiquitylated AR forms [53] . Ligand-dependent AR degradation could be explained by a model in which the subpopulation of receptor molecules is degraded after a short period of androgen exposure (Luke Gaughan, personal communication). This is in agreement with the observation that the same receptor molecule may be able to conduct up to four rounds of transcription. However, there is a decline in receptor transactivational competency, suggesting that each transcription cycle involves degradation of the AR subpopulation [54] . Fluctuations may also exist in the stability of the receptor over periods of androgen treatment as AR is downregulated after a short-term androgen treatment (8 h), while its content increases after prolonged exposure of LNCaP cells to androgen (48 h) (Luke Gaughan, personal communication). Thus, the up-regulation of AR by androgens observed by many groups may result not from an increase in the stability of the receptor, but rather from the up-regulation of its own synthesis. The AR gene contains exonic AREs which are responsible for the up-regulation of AR mRNA [55] . This androgen-mediated increase in AR mRNA may contribute to the increase in AR protein. Therefore, it is plausible that in response to an increased proteolysis of AR, it up-regulates its own level as a result of an autoregulation mechanism. This hypothesis is supported by evidence that there is a complete loss of the receptor over 8 h of androgen treatment when AR is studied as a single population in the absence of de novo synthesis (in the presence of a translation inhibitor) [53] .
FORMATION OF THE AR TRANSCRIPTION COMPLEX
Following ligand binding, AR translocates to the nucleus and associates with coactivators GRIP-1 (glucocorticoid receptor interacting protein 1) and histone acetylase p300/CBP (CREB-binding protein) in subnuclear foci [56] . After association with coactivators, AR migrates to target genes where GRIP-1 and p300/CBP promote the recruitment of additional components necessary for transcription [56] . These include SRC1 (steroid receptor coactivator-1) and p/CAF (p300/CBP-associated factor), which acetylate and coactivate AR [46] . To initiate transcription, the chromatin structure has to be reorganised in order to make chromatin accessible to the components of the transcriptional machinery. There are two classes of protein responsible for this. The first class utilises energy from ATP to induce changes in chromatin conformation, while the second catalyses histone modifications to regulate transcription [57] . Histone acetyltransferases and the histone methyltransferases -coactivator-associated arginine methyltransferase 1 (CARM1) and protein arginine methyltransferase 1 (PRMT1) -have been shown to be recruited to the prostate-specific antigen (PSA) promoter after androgen treatment [58] . As methylation does not change the charge of histones, it is likely that the methylation of histones serves as a docking site for protein binding, which may facilitate subsequent acetylation by p300 [58] . Indeed, there is a crosstalk between CARM1 methylation and CBP acetylation on histone H3 [60] . The process of chromatin reorganisation is ATP dependent and driven by ATPase complexes. SWI/SNF, a chromatin remodelling complex whose two core subunits hBRM and BRG1 show ATPase activity, has been shown to stimulate AR transcription [61] . Another large protein complex that interacts with AR at the gene promoter is the TRAP-Mediator (thyroid hormone receptor-associated protein) complex. It functions to recruit RNA Pol II and general transcription factors into the transcription complex. Subunits of Mediator: TRAP220, TRAP170 and TRAP100 were shown to enhance AR transactivation [62] . The SWI/SNF and Mediator complexes can be targeted to chromatin by p300, which itself is recruited through interaction with SRC coactivators [63] . The interaction of AR with general transcriptional machinery has been reviewed [64] . Briefly, AR is able to associate with RNA Pol II, TFIIF, TFIIH and PTEFb. Due to their kinase activity, TFIIH and P-TEFb phosphorylate the Cterminal domain (CTD) of RNA Pol II, which is a critical event for RNA Pol II to become an elongation competent [65] . After AR relocates to the target gene, it regulates the transcription of target genes by binding both enhancer and promoter sequences [8] . Occupancy of the promoter of the androgen-responsive genes PSA and kallikrein 2 (KLK2) is a dynamic, cyclic process involving the association and dissociation of AR and cofactors that correspond with the recruitment of the 19S regulatory subcomplex of the 26S proteasome [66] . Histone deacetylase 1 (HDAC1) and Mdm2 were recruited to the PSA promoter and were subject to polyubiquitylation [53] . This correlates with the observation that the ubiquitin/proteasome system is present at the promoters of nuclear receptors-regulated genes including AR in order to clean the promoter and to reinitate transcription.
INVOLVEMENT OF UBIQUITIN AND THE 26S PROTEASOME IN THE FORMATION OF THE AR TRANSCRIPTION COMPLEX
A large body of literature shows that components of the ubiquitin/proteasome system play an important role at the promoter of nuclear receptors-target genes by regulating chromatin structure and the turnover of receptors and coregulators, and by serving as bridging factors [67, 68] . Recent studies showed that proteasome activity is also important for modulating AR transcriptional activation [69] . This concurs with data indicating that both the 20S and 19S subunits of the 26S proteasome are involved in the transcriptional process, with the latter involved in transcription initiation as well as in elongation [70] [71] [72] . Subunits of the 19S subcomplex which possess ATPase activity, the so-called APIS complex (AAA proteins independent of 20S) are recruited to the promoter upon induction of transcription independently of the 20S proteolytic core [71] . Sug1, which is one of the six proteasomal ATPases of 19S, forms a complex with the nuclear receptors [73] . However, the interaction of Sug1 with AR has not yet been studied. Evidence for the involvement of proteasome in ARdependent transcription is provided by the fact that the S1 subunit of the 19S proteasome cap is recruited to the PSA promoter, and its occupancy by S1 correlates with AR release from the promoter [66] . Ikezoe et al. demonstrated that inhibition of the 26S proteasome with PS-341 decreases AR transcriptional activity without affecting AR nuclear translocation [74] , indicating that the proteasome is an essential element of the AR transcriptional complex.
Activation of AR via monoubiquitylation
Recruitment of 19S to the transcriptional complex may be provided by the attachment of monoubiquitin to transcription factors. Mono-and polyubiquitylation act as important signals for the differential regulation of proteins. Monoubiquitylation is implicated in nonproteolytic processes, whereas polyubiquitylation is generally accepted to play a role in degradation [75] . For example, the attachment of a single ubiquitin moiety to VP16 transcription factor by Met30 ubiquitin ligase is required for transcriptional activation [76] . It is plausible that the linking of monoubiquitin to the target protein serves as a docking site for the 19S subcomplex, the subunits of which may promote transcription initiation. This would include formation of the complete transcriptional complex at the gene promoter, chromatin remodeling and initiation of the transcriptional process. Ubiquitin licenses transcription factors [76] by regulating their activity (monoUb) and proteolysis (polyUb). As transcription proceeds and a gene is transcribed, the ubiquitin chain arises giving a signal for the APIS complex to recruit the 20S proteolytic core [71] . 20S components are present at the promoter at a later time, after the induction of transcription. Thus, the time required for the ubiquitin chain to arise before it becomes a signal for degradation is used by the transcription factor to drive high-level transcription [71] . Androgen treatment results in the appearance of monoubiquinated AR species [53, 77] . Monoubiquitylation is critical for the efficient activation of AR, and monoubiquitylated AR is stabilised by TSG101 (tumour susceptibility gene 101) [77] . In the presence of AATF (apoptosis-antagonizing transcription factor), TSG101 binds monoubiquitylated AR and prevents its polyubiquitylation [77] . Where does the ubiquitylation signal that triggers the transcription factor activity come from? The signal for ubiquitylation for the transcription factor may be provided by components of the RNA Pol II general transcription machinery and by E3 ubiquitin ligases that are part of the RNA Pol II transcription complex CELL. MOL. BIOL. LETT.
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AR nuclear translocation
Proteasome may act as an AR coregulator [69] . Overexpression of proteasome alpha subunit 7 (PSMA7) of the 20S core results in an increase in AR transactivation by influencing the androgen-induced translocation of AR to the nucleus [69] . 20S proteasome inhibitor MG132 is able to break the interaction of AR with coactivators ARA70 (AR-associated-70 kDa protein) and TIF2, the latter belonging to the family of SRC coactivators [69] . ARA70 increases ARmediated transcription by confering stability to the receptor and by increasing AR nuclear localisation [40] . Moreover, ARA70 forms a platform which allows switching of the unliganded receptor into a form capable of interacting with coregulators [12] . It is therefore possible that as the nuclear localisation signal (aa: 628-669), KLKK sequence (aa: 630-633) and PEST sequence (aa: 638-658) in AR overlap, initial ubiquitylation of this motif may provide a signal for the binding of the 20S proteasome and coregulators which regulate AR translocation. The deletion of amino acids 628-646 increases the potency of AR, and that deleted hinge region induces an increased sensitivity of AR to proteasome-mediated degradation, suggesting that this fragment may be involved in controlling the transcriptional activity of AR [82] . Furthermore, mutation of lysine residues (K) in the KLKK motif delays ligand-dependent translocation, and mutated AR colocalises with proteasome, implying that proteasome is involved nuclear translocation [83] . Zhou et al. demonstrated that phosphorylation of Ser650 within the hinge region is important for optimal AR transactivation [84] . Ser650 in AR appears to be constitutively phosphorylated, and androgen treatment elevates its phosphorylation level [85, 86] . Given the importance of the PEST sequence in protein turnover [34] , it is likely that the phosphorylation of this motif serves as a docking site for E3 ligases which promote initial AR ubiquitylation. Indeed, it was shown that the small nuclear RING finger protein SNURF, which was recently demonstrated to possess ubiquitin E3 ligase activity [30] , interacts with AR in a hormone-dependent manner [28] . SNURF binds to the hinge region of AR and enhances ARdependent transcription by serving as a bridging factor [28] and by facilitating AR import to the nucleus [29] . Importantly, the RING finger structure of SNURF may serve as an interaction interface for general transcription factors, as SNURF has been shown to interact with TBP in vitro [28] .
Assembly of the AR transcription complex
Ubiquitin/proteasome machinery may be recruited into NR transcription complexes by transducin-β-like (TBL1) and TBL1-related protein (TBLR1) [87] . These two proteins may recruit ubiquitin conjugating/proteasome machinery to exchange nuclear receptor corepressors for coactivators after ligand binding [87] . TBL1 is recruited to the promoter of kallikrein 2 and PSA after androgen treatment, and is required for transcriptional activation by AR [87] . TBL1 and TBLR1 function as adaptor proteins that recruit the ubiquitinconjugating enzyme UbcH5 [87] . It is likely that TBL1 is important for the recruitment of UbcH5 into the AR transcription complex, as UbcH5 is an E2 cognate of E3 ubiquitin ligase SNURF (Tab. 1). TBL1 and TBLR1 facilitate the recruitment of E6-AP to the transcriptional complex [87] . Interestingly, E6-AP and its E2 ubiquitin-conjugating enzyme UbcH7 have been shown to enhance the hormone-dependent transcriptional activity of AR [17, 19] . The coactivating function may result from the ability of E6-AP to target NcoR for degradation [88] . In the normal prostate, E6-AP is expressed at a high level where it is necessary to regulate AR levels, whereas its expression decreases in the cancerous prostate [89] . A model for ligand-dependent AR transcription has been proposed [77] : ubiquitylation of AR may occur in the cytoplasm, and TSG101 binding protects AR from premature degradation; after ligand binding, AR translocates to the nucleus and is recruited to the promoter of the androgen-responsive genes, and subsequently associates with transcriptional coactivators. Attachment of the ubiquitin moiety may also occur in the nucleus. In any case, TSG101 locks AR in the monoubiquitylated state in order to initiate transcription. Protein posttranslational modifications which are important for transcription to proceed induce conformational changes that release the lock provided by TSG101, yielding polyubiquitylation, which is consistent with receptor degradation. This mechanism designates for degradation those receptors that participated in transcription, facilitating promoter clearance and a new round of transcription.
Termination of AR transcription by ubiquitin-like proteins
AR ubiquitylation is not the only condition of transcription termination. ARdependent transcription may also be terminated through modifications by the ubiquitin-like proteins SUMO and NEDD8. Sumoylation is a general mechanism controlling the activities of the nuclear receptors [26] . The E2 SUMO-conjugating enzyme Ubc9 was shown to interact with AR [25] . PIAS1 and PIASxα, inhibitors of the STAT3 transcription factors, are SUMO-E3 ligases that sumoylate AR and repress its transactivation by facilitating its dissociation from chromatin into the nuclecytoplasmic compartment [27, 90] . It was also shown that AR may be modified by the ubiquitin-like protein NEDD8 [91] . Recent research indicates that Uba3, an activating enzyme for NEDD8, may terminate steroid receptor-mediated gene transcription and its turnover by CELL. MOL. BIOL. LETT.
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TARGETING AR DEGRADATION IN PROSTATE CANCER
Current prostate cancer therapies are based on androgen deprivation. This may be achieved either by castration or by using antiandrogens. These options are not without defects. Although they cause regression of the tumour, it usually relapses as a result of the selection of androgen-independent cells. Thus, the prostate cancer comes back and is androgen independent or androgen refractory. This is because AR may be activated by many cell signalling pathways, namely, MAPK [93, 94] , PI3K/Akt [42] , PKC [95] or PKA [96] ; mutated AR may be activated by antagonists [97] ; due to amplification, AR can be activated by small doses of remaining androgens [98] ; and mutations in AR may alter its specificity towards adrenal androgens or even towards non-androgenic steroids such as progesterone and estradiol [99, 100] . Superior therapeutic interventions are therefore needed that could take advantage of the fact that prostatic tumours are androgen-independent but remain AR-dependent [101] . Androgen-dependent and androgen-independent tumours rely on AR, so it should remain the main therapeutic target in the treatment of prostate cancers; downregulation of its level will be the advantageous approach. This may be achieved by application of hyperthermia. In LNCaP cells, heat treatment resulted in the downregulation of AR protein and in the loss of 19S proteasome activity, yet the mechanism by which heat treatment decreases AR expression remains unclear [102] . Fig. 3 . Proteasome as a central regulator of the AR transcription process. The grey background depicts those activities that occur in the cytoplasm prior to ligand binding. AR may be targeted for proteasomal degradation after Akt-driven phosphorylation and Mdm2-driven ubiquitylation following growth factor stimulation. AR in its inactive state forms a complex with heat shock proteins (Hsps). Hsps form a molecular platform on which AR may be folded or targeted for proteasomal degradation after the recruitment of CHIP ligase. This mechanism provides an accurate, accessible level of receptor protein.
Hsps form a multichaperone complex which confer a ligand-binding ability to the receptor, and is likely to dissociate after AR activation by the ligand, which may be testosterone or the more potent androgen dihydrotestosterone. Ligand binding induces post-translational modifications which include phosphorylation, acetylation and probably ubiquitylation; alternatively, ubiquitylation of the receptor may occur at later stages, in the nucleus at the core promoter. Ubiquitin attached to AR is protected from release by TSG101. AR translocation to the nucleus is facilitated by ARA70 coactivator and PSMA7, an α-type subunit of proteasome. 2) After nuclear import, AR associates with GRIP1 and p300/CBP coactivators; the latter may acetylate histones and AR itself. This facilitates recruitment of additional acetylases and histone modifiers like methyltransferases (omitted for clarity). These histone modifications may induce the release of TSG101. Ubiquitin attached to AR is therefore susceptible to further ubiquitylation. 6) SWI/SNF is an ATPase complex that reduces the association of histones with DNA. 7) The subsequent recruitment of Mediator facilitates the engagement of RNA Pol II and general transcription factors, and as a result, the initiation of transcription. 8) Phosphorylation of RNA Pol II by kinases associated with general transcription factors makes it elongation competent. 9) As transcription proceeds, ubiquitin ligases associated with the transcriptional complex ubiquitylate and target its components for degradation. 10) When the ubiquitin chain on AR reaches the appropriate length, AR becomes degraded, similarly to other components of the transcriptional process. It is likely that the excess of AR molecules that could not actively participate in transcription is exported to the cytoplasm retaining the ability to reenter the nucleus. 11) Promoter clearance via degradation of its transcriptional components prepares the gene for a new round of transcription. 12) AR-dependent transcription results in the production of mRNAs including AR mRNA. AR is bound cotranslationally by Hsp machinery. Another promising approach is targeting AR degradation. This is evidenced by the fact that prostate tumours lose the expression of E6-AP ubiquitin ligase [89] . Given the critical role of E6-AP in regulating AR activity, probably by targeting AR to proteasomal degradation and maintaining its proper function in normal tissue, the loss of E6-AP will be favourable in prostate cancer. Anti-cancer therapy that has gained significant interest is the application of phytochemicals, namely genistein and curcumin. Emodin seems to be a more potent phytochemical than curcumin and genistein [101] . It is a natural compound of Rheum palmatum, which interestingly suppresses prostate cancer growth both in vitro in the AR-positive LNCaP cell culture model and in vivo in transgenic mice bearing a PC3-AR xenograft [101] . Emodin reduces protein stability by decreasing the association of AR and Hsp90 and by increasing the association of Mdm2 with AR [101] . An interesting strategy is the application of molecules that induce degradation of selected proteins using PROteolysis TArgeting Chimeric molecules (PROTACs) [103] . PROTAC-5 is composed of DHT (a ligand for targeted AR protein), two aminocaproic acids (a linker moiety), ALAPYIP (a sequence recognised by E3 ligase), and a poly-D-arginine tag (to confer cell permeability) [103] . This molecule has been shown to down-regulate AR in HEK293 cells transfected with GFP-AR via a proteasome-dependent pathway [103] . Another approach is the application of geldanamycin in targeting AR degradation. AR in its inactive state exists as part of a multichaperone complex [104] . Geldanamycin is an inhibitor of Hsp90 chaperone, and its inhibition evokes the proteasomal degradation of several proteins, including AR [105] . Hybrids composed of testosterone and geldanamycin were shown to selectively inhibit AR in prostate cancer cells [106] .
TOWARDS THE INTEGRAL MODEL
In order to provide a clear overview of the mechanism of AR action following ligand binding, the subsequent assembly of the AR transcription complex and the involvement of proteasome therein is illustrated (Fig. 3) .
CONCLUSIONS
Regulation of AR transcriptional activity appears to be more complex than previously considered. This regulation involves dynamic interactions between AR and cofactors, among which proteasome plays a pivotal role. Combinatorial and sequential association and dissociation of cofactors is regulated by different cellular events which include phosphorylation, acetylation, ubiquitylation, sumoylation and others. This allows the precise regulation of each step throughout the transcriptional process. Further studies will assist in the identification of novel cofactors for AR and broaden our knowledge on the differential expression of cofactors affecting gene regulation.
